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DESCRIPTION 

PACKET COMMUNICATION NETWORK AND PACKET COMMUNICATION 

METHOD 

5 

TECHNICAL FIELD 

[0001] The present invention relates to a packet 

communication network and a packet communication method 
capable of establishing a direct communication between edge 
10 nodes or the like that accommodate subscribers and capable 
of ensuring scalability. 

BACKGROUND ART 

[0002] An existing telephone network adopts a 

15 hierarchical switching mechanism for ensuring scalability 
(see Nonpatent Literature 1) . If users accommodated in 
different subscriber switchboards in the same prefecture 
are to hold a telephone communication , the communication is 
held via a prefecture's key switchboard. Due to this, 

20 traffic of the prefecture's key switchboard increases. If 
traffic congestion occurs, it is disadyantageously 
difficult to hold a telephone communication between the 
users accommodated in different subscriber switchboards in 
the same prefecture. 

25 [0003] At present, IP telephony-based telephone network 

is available thanks to the VoIP technigue. In the IP 
network, however, if a network apparatus such as a router 
or a switch adopts the same configuration as that of the 
telephone network, the same problem occurs to the IP 

30 telephone network similarly to the existing telephone 
network . 

[0004] To solve this problem, one solution has been 

proposed and realized by a configuration in which 
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subscriber routers or the like are connected to one another 
in a full-mesh fashion (see Nonpatent Literature 2). 
[0005] Nonpatent Literature 1: "Technical Reference 

Materials, Telephone Service Interface, Fifth Edition", 
5 [online], Nippon Telegraph and Telephone Corporation, 
[searched on October 7, 2004], Internet <URL: 
http : / /www . ntt-east . co . jp/gisanshi/analog/edit5 j . pdf > 

Nonpatent Literature 2: "Connection Environment of 
Internet VPN and their functions for administrators (Part 
10 1)", [online], 2000/3/6, Atmark IT, [Searched on October 7, 
2004] , Internet <URL: 

http : //www . atmarkit . co . jp/f security/special/38vpn/vpn02 . htm 
1> 

15 DISCLOSURE OF INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0006] However, the number of full-mesh connections is 

in the order of the square of the number of subscriber 
routers. In present situations, therefore, it is 
20 essentially difficult to construct a full-mesh network in a 
large-scale network . 

[0007] Meanwhile, the VoIP network that follows the 

existing telephone network structure is confronted with 
congestion-related problems such as inability to hold a 
25 direct communication between subscriber accommodating 
routers although it can ensure scalability. 

MEANS FOR SOLVING PROBLEM 

[0008] The problems can be solved by adopting novel 

30 characteristic constitutions, methods, and means of the 
present invention as will be listed below. 

[0009] A packet communication network according to one 

aspect of the present invention includes at least two full- 
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mesh wavelength-division-multiplexing transmission units , 
each of which includes n number of interfaces, and is 
capable of establishing a bidirectional full-mesh 
communication between all of the interfaces using a 
5 wavelength path based on a wavelength-division-multiplexing 
technique, where n is an integer equal to or greater than 
3; an edge-packet transfer unit that includes at least a 
packet recognizing unit, an external-packet 
transmitting/receiving unit, and an internal-packet 

10 transmitting/receiving unit, and is connected to the 

interface of the full-mesh wavelength-division-multiplexing 
transmission unit; and an internetwork connection unit that 
includes at least a packet recognizing unit and a packet 
transmitting/receiving unit, and connects the full-mesh 

15 wavelength-division-multiplexing transmission units in a 
multistage tree-shaped structure through the edge-packet 
transfer units. The packet recognizing units of the edge- 
packet transfer unit and the internetwork connection unit 
identify the edge-packet transfer unit that is a 

20 destination of a packet from a header of the packet. The 
external-packet transmitting/receiving unit of the edge- 
packet transfer unit inputs a packet received from outside 
to the internal-packet transmitting/receiving unit, and 
transmits a packet output from the internal-packet 

25 transmitting/receiving unit to the outside. The internal- 
packet transmitting/receiving unit of the edge-packet 
transfer unit transmits the packet input from the external- 
packet transmitting/receiving unit to the wavelength path 
of the full-mesh wavelength-division-multiplexing 

30 transmission unit corresponding to the edge-packet transfer 
unit that is the destination of the packet identified by 
the packet recognizing unit, if the destination of the 
packet identified by the packet recognizing unit is other 
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edge-packet transfer unit connected to the full-mesh 
wavelength-division-multiplexing transmission unit , 
transmits the packet input from the external-packet 
transmitting/receiving unit to the wavelength path of the 
5 full-mesh wavelength-division-multiplexing transmission 

unit corresponding to the other edge-packet transfer unit, 
and if the destination of the packet identified by the 
packet recognizing unit is the edge-packet transfer unit of 
its own or the edge-packet transfer unit that is not 

10 connected to the full-mesh wavelength-division-multiplexing 
transmission' unit, transmits the packet input from the 
external-packet transmitting/receiving unit to the 
external-packet transmitting/receiving unit. The packet 
transmitting/receiving unit of the internetwork connection 

15 unit transmits the packet received from the edge-packet 

transfer unit to the edge-packet transfer unit that is the 
destination of the packet identified by the packet 
recognizing unit. 

[0010] According to the present invention, the full-mesh 

20 wavelength-division-multiplexing transmission units include 
physically-independent plural full-mesh wavelength- 
division-multiplexing transmission units arranged in 
parallel. The edge-packet transfer unit includes a first 
edge-packet transfer unit connected to one of the full-mesh 
25 wavelength-division-multiplexing transmission units and the 
internetwork connection unit; and a second edge-packet 
transfer unit connected to all of the full-mesh wavelength- 
division-multiplexing transmission units. The internetwork 
connection unit includes a switching unit that is provided 
30 on an input side of the packet transmitting/receiving unit 
and switches over destinations of a plurality of packets 
received from a plurality of first edge-packet transfer 
units connected to the full-mesh wavelength-division- 
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multiplexing transmission units, respectively, to determine 
a plurality of other first edge-packet transfer units 
connected to a plurality of other full-mesh wavelength- 
division-multiplexing transmission units that are the 
5 destinations of the packets. The internal-packet 

transmitting/receiving unit of the second edge-packet 
transfer unit transmits the packet input from the external- 
packet transmitting/receiving unit simultaneously to same- 
wavelength paths of the full-mesh wavelength-division- 

10 multiplexing transmission units corresponding to the first 
edge-packet transfer unit or the second edge-packet 
transfer unit that is the destination of the packet 
identified by the packet recognizing unit, if the 
destination of the packet identified by the packet 

15 recognizing unit is other first edge-packet transfer unit 
or second edge-packet transfer unit connected to the full- 
mesh wavelength division multiplexing units, transmits a 
plurality of packets input from the same-wavelength paths - 
of the full-mesh wavelength-division-multiplexing 

20 transmission units simultaneously to the same-wavelength 
paths of the full-mesh wavelength division multiplexing 
units corresponding to the other first edge-packet transfer 
unit or second edge-packet transfer unit, and if the 
destination of the packet identified by the packet 

25 recognizing unit is the second edge-packet transfer unit 
itself or first edge-packet transfer unit or second edge- 
packet transfer unit that is not connected to the full-mesh 
wavelength division multiplexing units, selects one of the 
packets, and transmits the selected packet to the external- 

30 packet transmitting/receiving unit. 

[0011] According to the present invention, the 

internetwork connection unit includes an important 
communication processing unit that extracts and compares 
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important communication packets from the packets received 
from the first edge transfer units connected to the 
wavelength division multiplexing transmission units, 
respectively, and if there is a packet loss in one packet, 
5 copies other packet corresponding the one packet. 

[0012] According to the present invention, the edge- 

packet transfer unit includes a packet recognizing unit 
that identifies the edge-packet transfer unit that is the 
destination of the packet and a service from a header of 

10 the packet; and a packet processing unit that processes the 
packet received from the external-packet 
transmitting/receiving unit into a packet form for a 
communication method used by the full-mesh wavelength- 
division-multiplexing transmission unit if a communication 

15 method corresponding to the service identified by the 
packet recognizing unit differs from the communication 
method used by the full-mesh wavelength-division- 
multiplexing transmission unit, and processes the packet 
input from the full-mesh wavelength-division-multiplexing 

20 transmission unit to the internal-packet 

transmitting/receiving unit and output to the external- 
packet transmitting/receiving unit into the packet form for 
the communication method corresponding to the service 
identified by the packet recognizing unit if the 

25 communication method corresponding to the service differs 
from the communication method used by the full-mesh 
wavelength division multiplexing unit. 

[0013] The packet communication network according to the 

present invention further includes a gateway unit that 
30 connects a specific edge-packet transfer unit and an 
external network. The packet processing unit of the 
specific edge-packet transfer unit processes the packet 
output to the external-packet transmitting/receiving unit 
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into the packet form for the communication method 
corresponding to the service identified by the packet 
recognizing unit if the service is a service for connecting 
the specific edge-packet transfer unit and the external 
5 network. The external-packet transmitting/receiving unit 
transmits the processed packet to the gateway unit 
corresponding to the external network. 

[0014] According to the present invention, the edge- 
packet transfer unit includes a resource management unit 

10 that manages resource states of all of the wavelength paths 
related to an interface of each of the full-mesh 
wavelength-division-multiplexing transmission units , the 
interface connecting the edge-packet transfer unit; and a 
resource-information transfer unit that transfers 

15 information on the resource states as a packet. 

[0015] According to the present invention, when 

transmitting the packet input from the external-packet 
transmitting/receiving unit or the full-mesh wavelength 
division multiplexing unit, the destination of which 

20 identified by the packet recognizing unit is the other 
edge-packet transfer unit connected to the full-mesh 
wavelength-division-multiplexing transmission unit, to the 
wavelength path of the full-mesh wavelength-division- 
multiplexing transmission unit corresponding to the other 

25 edge-packet transfer unit, the internal-packet 

transmitting/receiving unit of the edge-packet, transfer 
unit transmits the packet to other wavelength path if the 
resource state of the wavelength path is determined to be 
equal to or higher than a threshold based on resource state 

30 information on the wavelength path managed by the resource 
management unit . 

[0016] According to the present invention, in a 

communication for exercising a call admission control by 
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transmitting a call control packet of a call request or a 
call response to a control server that includes a call- 
admission control unit, the external-packet 
transmitting/receiving unit or the internal-packet 
5 transmitting/receiving unit of the edge-packet transfer 
unit adds resource state information managed by the 
resource management unit to the call control packet when a 
type of the packet identified by the packet recognizing 
unit is the call control packet. 

10 

EFFECT OF THE INVENTION 

[0017] The first packet communication network makes it 

possible to hold a direct communication among edge-packet 
transfer units accommodating subscribers within the same 

15 full-mesh wavelength division multiplexing unit, to realize 
a stable communication that is important for VoIP or the 
like that is not influenced by the other traffic and 
congestion, and to simultaneously realize the scalability 
by the multistage connection configuration. 

20 [0018] Only by transmitting the packet to the wavelength 

path corresponding to the destination, the corresponding 
wavelength path can be easily identified from a full-mesh, 
tree multistage connection topology. Routing management 
can be, therefore, simplified. It is thereby possible to 

25 realize facilitation of operation management, facilitation 
of fault segmentation, and the like. 

[0019] The second packet communication network makes it 

possible to construct a highly reliable network by holding 
the redundant communication. 
30 [0020] The third packet communication network can 

improve the reliability of an important communication such 
as VoIP-based 110 or 119 dialing. 

[0021] The fourth packet communication network makes it 
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possible to realize a plurality of network services such as 
VoIP, SIP connection, and VPN by one network. 

[0022] The fifth packet communication network makes it 

possible to realize an external connection such as VoIP- 
5 based interconnection, ISP connection, and VPN. 

[0023] The sixth packet communication network makes it 

possible for an operation system or any one of various 

servers to easily manage a traffic state and the like of 
the network. 

10 [0024] The seventh packet communication network makes it 

possible to transfer a best effort communication or the 
like using a path with less heavy traffic, and to realize 
effective use of network resources and measures against 
congestion. In addition, since a detour communication can 

15 be held without changing the IP routing, it is possible to 
facilitate the operation management and to reduce switching 
time for the detour. 

[0025] The eighth packet communication network makes it 

possible to easily grasp the resources using the control 

20 communication such as the present SIP in the VoIP 

communication, and to realize the call admission control. 
In addition, since the call admission control is realized 
using the control communication such as the SIP, the call 
admission control can be realized with hardly increasing a 

25 call setting time. 

BRIEF DESCRIPTION OF DRAWINGS 

[0026] [Fig. 1] Fig. 1 is a block diagram of a packet 

communication network according to a first embodiment of 
30 the present invention; 

[Fig. 2] Fig. 2 is a schematic block diagram of a 
full-mesh wavelength-division-multiplexing transmission 
unit shown in Fig. 1; 
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[Fig. 3] Fig. 3 is a detailed block diagram of an 
edge-packet transfer unit shown in Fig. 1; 

[Fig. 4] Fig. 4 is a detailed block diagram of an 
internetwork connection unit as well as the edge-packet 
5 transfer unit shown in Fig. 1; 

[Fig. 5] Fig. 5 is a block diagram of an internetwork- 
connection and edge-packet transfer unit obtained by- 
integrating the edge-packet transfer unit with the 
internetwork connection unit shown in Fig. 1; 
10 [Fig. 6] Fig. 6 is a block diagram of one example of 

an ordinary large-scale IP network; 

[Fig. 7] Fig. 7 is a block diagram of a packet 
communication network according to a second embodiment of 
the present invention; 
15 [Fig. 8] Fig. 8 is a detailed block diagram of an 

internetwork connection unit shown in Fig. 7; 

[Fig. 9] Fig. 9 is a block diagram of an internetwork- 
connection and edge-packet transfer unit obtained by 
integrating the edge-packet transfer unit with the 
20 internetwork connection unit shown in Fig. 7; 

[Fig. 10] Fig. 10 is an explanatory view of an outline 
of a processing performed by an important communication 
processing unit; 

[Fig. 11] Fig. 11 is an explanatory view of wavelength 
25 paths managed by a resource management unit; 

[Fig. 12] Fig. 12 is an explanatory view of a manner 
of managing a resource state by a test packet; 

[Fig. 13] Fig. 13 is an explanatory view of a manner 
of managing the resource state in an entire full-mesh 
30 multistage network; 

[Fig. 14] Fig. 14 is an explanatory view of causing a 
packet to make a detour due to the other wavelength path; 

[Fig. 15] Fig. 15 is a block diagram of a state of a 
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call admission control communication by a control server; 

[Fig. 16] Fig. 16 is a control sequence diagram 
corresponding to Fig. 15; 

[Fig. 17] Fig. 17 is a block diagram of a packet 
5 communication network according to one example of the 
present invention ; 

[Fig. 18] Fig. 18 is a block diagram of basic elements 
of the network shown in Fig. 17; 

[Fig. 19] Fig. 19 is an explanatory view of one 
10 example of an edge node IP routing table; and 

[Fig. 20] Fig. 20 is an explanatory view of one 
example of a detour processing performed by a packet 
transmitting/receiving unit in the edge-packet transfer 
unit . 

15 

EXPLANATIONS OF LETTERS OR NUMERALS 

[0027] 1, la, lb Full-mesh wavelength-division- 

multiplexing transmission unit 

lc Subscriber accommodating network 
20 Id Relay network 

2 Edge-packet transfer unit 
2c Edge node 
2d Relay node 

3, 30 Internetwork connection unit 

25 4 Access network 

5 User network 

6 User terminal 

7 Gateway unit 

8 External network 
30 11 Interface 

12 Wavelength path 

13 Wavelength path that can manage resource state 

14 Alternative wavelength path 
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20, 200 Internetwork-connection and edge-packet 
transfer unit 

21, 31 Packet recognizing unit 

22 External-packet transmitting/receiving unit 

5 23 Internal-packet transmitting/receiving unit 

24 Packet processing unit 

25 Resource management unit 

26 Resource-information transfer unit 

27, 27' Upper-stage-packet transmitting/receiving 

10 unit 

28, 28' Lower-stage-packet transmitting/receiving 

unit 

29, 33 Switching unit 

32 Packet transmitting/receiving unit 

15 34- Important communication processing unit 

BEST MODE(S) FOR CARRYING OUT THE INVENTION 
[0028] Exemplary embodiments of the present invention 

will be explained in detail below with reference to the 

20 accompanying drawings. 

[0029] [FIRST EMBODIMENT] 

Fig. 1 is a block diagram of a packet communication 
network according to the first embodiment of the present 
invention. In Fig. 1, reference numeral 1 denotes a full- 

25 mesh wavelength division multiplexing (WDM) transmission 

unit, 2 denotes an edge-packet transfer unit, 3 denotes an 
internetwork connection unit, 4 denotes an access network, 
5 denotes a user network, 6 denotes a user terminal, 7 
denotes a gateway unit, and 8 denotes an external network. 

30 [0030] The edge-packet transfer unit 2 is connected to 

an interface (to be explained later) of the full-mesh WDM 
transmission unit 1. Two or more full-mesh WDM 
transmission units 1 are connected in a multistage tree- 
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shaped structure through the edge-packet transfer units 2 
by the internetwork connection units 3. The packet 
communication network according to the present invention 
(hereinafter, "full-mesh multistage network") is thereby 
5 constituted. 

[0031] In this connection, the internetwork connection 

unit 3 is connected to the edge-packet transfer unit 2 
connected to the upper-stage full-mesh WDM transmission 
unit 1 by one-to-one correspondence, and connected to the 

10 edge-packet transfer unit 2 connected to the lower-stage 

full-mesh WDM transmission unit 1 by one-to-one or one-to- 
many correspondence. Furthermore, the user terminal 6 is 
connected to the edge-packet transfer unit 2 through the 
access network 4 and the user network 5, and the external 

15 network 8 is connected to the edge-packet transfer unit 2 
through the gateway unit 7 . 

[0032] As shown in Fig. 2(a), the full-mesh WDM 

transmission unit 1 includes n (where n is an integer equal 
to or greater than 3) or, in the present embodiment, six 

20 interfaces 11. The full-mesh WDM transmission unit 1, 
therefore, serves as optical transmission means (or an 
optical network) capable of establishing full-mesh 
bidirectional communications among all the interfaces 11 by 
wavelength paths 12 based on a WDM technique (it is noted 

25 that the unit 1 is the optical transmission means in Fig. 
2(a)) . As shown in Fig. 2(b) , each wavelength path 12 is 
constituted by up and down, i.e., bidirectional wavelength 
paths. The wavelength path 12 is configured so that a 
transmitting wavelength path from one interface to the 

30 other interfaces has different wavelengths for the 

respective other interfaces (destinations) , and so that a 
receiving wavelength path from the other interfaces to one 
interface has different wavelengths for the respective 
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interfaces (transmission sources). By so configuring, it 
is possible to realize an input interface and an output 
interface of the full-mesh WDM transmission unit 1 using 
one optical fiber according to the WDM. In addition, by 
5 recognizing only the wavelength, it is possible to 

recognize from which interface a communication is started. 
[0033] The full-mesh WDM transmission unit that 

satisfies these conditions can be realized by a star 
network based on optical crossconnect using the well-known 

10 WDM technique. With the actual WDM technique, there is a 

limit to the number of wavelengths. However, by adopting a 
wavelength configuration shown in Fig. 2 (c) , the above- 
stated conditions can be satisfied by a minimum number of, 
i.e., (n-1) wavelengths relative to the number of 

15 interfaces n. Therefore, the full-mesh WDM transmission 

means including ( (the limit number of wavelengths according 
to the WDM)+1) interfaces (for which a pair of transmission 
and reception interfaces are counted one interface) can be 
realized. 

20 [0034] Furthermore, the full-mesh WDM transmission means 

can be realized by a ring network based on OADM (Optical 
Add/Drop Multiplexer) or the like using the well-known WDM. 
In this case, however, the number of necessary wavelengths 
is larger than the minimum number of wavelengths. 

25 [0035] As shown in Fig. 3, the edge-packet transfer unit 

2 includes a packet recognizing unit 21, an external-packet 
transmitting/receiving unit 22, an internal-packet 
transmitting/receiving unit 23, a packet processing unit 24, 
a resource management unit 25, and a resource-information 

30 transfer unit 26 (among which, the packet processing unit 
24, the resource management unit 25, and the resource- 
information transfer unit 26 will not be explained herein) . 
One edge-packet transfer unit 2 can be connected to a 
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plurality of interfaces of the same full-mesh WDM 
transmission unit 1. 

[0036] The packet recognizing unit 21 recognizes the 

edge-packet transfer unit that serves as a destination of a 
5 packet from a header of .the packet. The external-packet 
transmitting/receiving unit 22 inputs a packet received 
from an outside to the internal-packet 

transmitting/receiving unit 23 , and transmits a packet 
output from the internal-packet transmitting/receiving unit 

10 23 to the outside. 

[0037] The internal-packet transmitting/receiving unit 

23 transmits the packet input from the external-packet 
transmitting/receiving unit 22 to the wavelength path of 
the full-mesh WDM transmission unit corresponding to the 

15 destination edge-packet transfer unit recognized by the 

packet recognizing unit 21. If the destination recognized 
by the packet recognizing unit 21 is the other edge-packet 
transfer unit connected to the full-mesh WDM transmission 
unit, the internal-packet transmitting/receiving unit 23 

20 transmits the packet input from the full-mesh WDM 

transmission unit to the wavelength path of the full-mesh 
WDM transmission unit corresponding to the other edge- 
packet transfer unit. If the destination recognized by the 
packet recognizing unit 21 is the edge-packet transfer unit 

25 itself or the edge-packet transfer unit that is not 

connected to the full-mesh WDM transmission unit, the 
internal-packet transmitting/receiving unit 23 outputs the 
packet to the external-packet transmitting/receiving unit 
22 . 

30 [0038] As shown in Fig. 4, the internetwork connection 

unit 3 includes a packet recognizing unit 31 and a packet 
transmitting/receiving unit 32. Fig. 4 depicts not only 
the internetwork connection unit 3 but also the upper-stage 



16 



and lower-stage edge-packet transfer units 2 connected to 
the internetwork connection unit 3 . 

[0039] The packet recognizing unit 31 recognizes the 

destination edge-packet transfer unit from the header of 
5 the packet. The packet transmitting/receiving unit 32 

transmits the packet received from the edge-packet transfer 
unit 2 to the destination edge-packet transfer unit 2 
recognized by the packet recognizing unit 31. 

[0040] If the internetwork connection unit 3 and all the 

10 edge-packet transfer units 2 connected to this internetwork 
connection unit 3 are functionally integrated together, an 
internetwork-connection and edge-packet transfer unit 20 as 
shown in Fig. 5 can be constituted. In Fig. 5, the same 
constituent elements as those shown in Fig. 3 are denoted 

15 by the same reference letters or numerals, respectively. 
In Fig. 5, reference numeral 21 denotes the packet 
recognizing unit, 27 denotes an upper-stage-packet 
transmitting/receiving unit, and 28 denotes a lower-stage- 
packet transmitting/receiving unit . 

20 [0041] The upper-stage-packet transmitting/receiving 

unit 27 is connected to the interface of the upper-stage 
full-mesh WDM transmission unit 1. In addition, the upper- 
stage-packet transmitting/receiving unit 27 realizes 
functions of the internal-packet transmitting/receiving 

25 unit and the external-packet transmitting/receiving unit of 
the upper-stage edge-packet transfer unit 2 . The lower- 
stage-packet transmitting/receiving unit 2 8 is connected to 
the interface of the lower-stage full-mesh WDM transmission 
unit 1. In addition, the lower-stage-packet 

30 transmitting/receiving unit 28 realizes functions of the 
internal-packet transmitting/receiving unit and the 
external-packet transmitting/receiving unit of the lower- 
stage edge-packet transfer unit 2, and of the packet 
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transmitting/receiving unit of the internetwork connection 
unit 3 . 

[0042 ] The upper-stage-packet transmitting/receiving 

unit 27 is often connected to a plurality of interfaces of 
5 the same full-mesh WDM transmission unit 1 . The lower- 
stage-packet transmitting/receiving unit 28 is often 
connected to a plurality of interfaces of either the 
different full-mesh WDM transmission units 1 or the same 
full-mesh WDM transmission unit 1 . The access network 4 is 
10 connected to the lower-stage-packet transmitting/receiving 
unit 28. 

[0043] An operation of the packet communication network 

according to the present embodiment will be explained. 
[0044] In the edge-packet transfer unit 2, the packet 

15 recognizing unit 21 recognizes the edge-packet transfer 
unit 2 that is to serve (not a final destination but) a 
next destination of the packet received by the external- 
packet transmitting/receiving unit 22 (from the user 
terminal 6 connected to the user network 5 through the 

20 access network 4 or the like) from a destination address, a 
packet type, and the like of the packet. Based on this 
information , the internal-packet transmitting/receiving 
unit 23 transmits the packet to the wavelength path of the 
full-mesh WDM transmission unit 1 corresponding to the next 

25 destination edge-packet transfer unit 2. 

[0045] In the edge-packet transfer unit 2 that faces 

this wavelength path, the packet recognizing unit 21 
recognizes the edge-packet transfer unit 2 that is to serve 
a next destination of the packet received by the internal- 

30 packet transmitting/receiving unit 23. In addition, the 
external-packet transmitting/receiving unit 22 or the 
internal-packet transmitting/receiving unit 23 
corresponding to the next destination edge-packet transfer 
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unit 2 transmits the packet (it is noted that if the next 
destination edge-packet transfer unit is this edge-packet 
transfer unit itself, the external-packet 
transmitting/receiving unit 22 is responsible for 
5 transmitting the packet) . 

[0046] If the external-packet transmitting/receiving 

unit 22 is connected to the internetwork connection unit 3, 
the packet recognizing unit 31 of the internetwork 
connection unit 3 recognizes the edge-packet transfer unit 

10 2 that is to serve the next destination of the packet 

received by the packet transmitting/receiving unit 32 of 
the internetwork connection unit 3. In addition, the 
packet transmitting/receiving unit 32 transmits the packet 
to the next destination edge-packet transfer unit 2. 

15 [0047] If the internetwork-connection and edge-packet 

transfer unit 20 shown in Fig. 5 is employed, the packet 
recognizing unit 21 recognizes the edge-packet transfer 
unit 2 that is to serve the next destination of the packet 
received by the upper-stage-packet transmitting/receiving 

20 unit 27 or the lower-stage-packet transmitting/receiving 
unit 28. The upper-stage-packet transmitting/receiving 
unit 27 or the lower-stage-packet transmitting/receiving 
unit 28 corresponding to the next destination edge-packet 
transfer unit 2 (when the next destination edge-packet 

25 transfer unit is the edge-packet transfer unit 20 itself, 
the lower-stage-packet transmitting/receiving unit 27 
corresponds to the next destination edge-packet transfer 
unit) transmits the packet. 

[0048] This processing is repeatedly performed until the 

30 packet is transmitted from the external packet transfer 
unit 22 of the final edge-packet transfer unit 2 (which 
serves as the next destination edge-packet transfer unit 
and to which the user network 5 connected to the 
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destination user terminal 6 is connected through the access 
network 4) . It is thereby possible to realize a desired 
packet communication by the full-mesh multistage network. 
[0049] In an ordinary large-stage IP network as shown in 

5 Fig. 6, it is necessary to establish a communication 

between edge nodes within a local network via a higher node. 
In the full-mesh multistage network, by contrast, the 
packet communication is not influenced by the other traffic 
or congestion since the edge-packet transfer units 2 can 

10 hold a direct communication for one full-mesh WDM 
transmission unit 1. Thanks to this, a stable 
communication with smaller delays, jitters or the like with 
which the VoIP network is confronted can be established. 
In a user-to-user communication such as a telephone call or 

15 the like, traffic of short-distance communications such as 
those within the same prefecture is heavy. Such network 
configuration is, therefore, effective for the user-to-user 
communication . 

[0050] On the other hand, because of the limit to the 

20 number of wavelengths or the like according to the WDM 

technique, the single full-mesh WDM transmission unit 1 is 
inferior in scalability. However, by adopting the 
multistage connection configuration in which a plurality of 
full-mesh WDM transmission units 1 are connected to one 
25 another in a multistage structure through the edge-packet 
transfer units 2 and the internetwork connection units 3, 
it is possible to simultaneously realize high scalability 
and high expandability of the network. 

[0051] Furthermore, in the packet transfer operation, 
30 the simple configuration of only transmitting the packet to 
the wavelength paths corresponding to the destination 
enables each of the corresponding wavelength paths to be 
easily recognized from a simple topology in which the 
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multistage full-mesh WDM transmission units are connected 
in the form of a tree. It is thereby possible to simplify 
realization and management of transfer, facilitate network 
operation management, and realize facilitating fault 
5 segmentation and the like. 
[0052] [SECOND EMBODIMENT] 

Fig. 7 depicts a packet communication network 
according to the second embodiment of the present invention. 
In Fig. 7 , the same constituent elements are denoted by the 

10 same reference letters or numerals, respectively. Namely, 
reference letters and numerals la and lb denote full-mesh 
WDM transmission units, 2-1 denotes a first edge-packet 
transfer unit, 2-2 denotes a second edge-packet transfer 
unit, and 30 denotes an internetwork connection unit. 

15 [0053] The full-mesh WDM transmission units la and lb 

are a plurality of full-mesh WDM transmission units 
physically independent of each other and parallel to each 
other. Each of the full-mesh WDM transmission units la and 
lb is the same as the full-mesh WDM transmission unit 1 

20 explained in the first embodiment. 

[0054] Different first edge-packet transfer units 2-1 or 

the same second edge-packet transfer unit 2-2 is connected 
to interfaces of the full-mesh WDM transmission units la 
and lb. Two or more or, in the present embodiment, three 

25 pairs of full-mesh WDM transmission units la and lb are 
connected in a multistage tree-shaped structure by the 
internetwork connection units 30 through the first edge- 
packet transfer units 2-1 . A full-mesh multistage network 
having a redundant configuration is thereby constituted. 

30 [0055] The first edge-packet transfer unit 2-1 is equal 

in both configuration and operation to the edge-packet 
transfer unit 2 explained in the first embodiment. 
Likewise, the second edge-packet transfer unit 2-2 is equal 
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to the edge-packet transfer unit 2 explained in the first 
embodiment except for the internal-packet 
transmitting/receiving unit. 

[0056] The internal-packet transmitting/receiving unit 

5 of the second edge-packet transfer unit 2-2 includes input 
and output ports corresponding to each of the full-mesh WDM 
transmission units la and lb. The internal-packet 
transmitting/receiving unit simultaneously outputs packets 
input from the external-packet transmitting/receiving unit 

10 to equal wavelength paths of the full-mesh WDM transmission 
units la and lb corresponding to the first or second edge- 
packet transfer unit recognized as a destination by the 
packet recognizing unit. In addition, the internal-packet 
transmitting/receiving unit outputs a plurality of packets 

15 input from the equal wavelength paths of the full-mesh WDM 
transmission units la and lb to equal wavelength paths of 
the full-mesh WDM transmission unit la and lb corresponding 
to the other first or second edge-packet transfer unit if a 
destination recognized by the packet recognizing unit is 

20 the other first or second edge-packet transfer unit 

connected to the full-mesh WDM transmission units la and lb. 
If the destination recognized by the packet recognizing 
unit is the second edge-packet transfer unit itself or the 
first or second edge-packet transfer unit that is not 

25 connected to the full-mesh WDM transmission units la and lb, 
the internal-packet transmitting/receiving unit of the 
second edge-packet transfer unit 2-2 selects one of the 
packets and outputs the selected packet to the external- 
packet transmitting/receiving unit . 

30 [0057] As shown in Fig. 8, the internetwork connection 

unit 30 includes a packet recognizing unit 31, a packet 
transmitting/receiving unit 32 , a switching unit 33, and an 
important communication processing unit 34 (among which, 
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the important communication processing unit 34 will not be 
explained herein) . 

[0058] The switching unit 33 is provided on an input 

side of the packet transmitting/receiving unit 32. In 
5 addition, the switching unit 33 switches over between the 
other first edge-packet transfer units 2-1 connected to the 
other full-mesh WDM transmission units la and lb that are 
destinations of a plurality of packets received from the 
first edge-packet transfer units 2-1 connected to the full- 

10 mesh WDM transmission units la and lb, respectively, so as 
to transfer the packets to one of the other first edge- 
packet transfer units 2-1. It is assumed herein that this 
switching includes an instance of simultaneously 
transmitting one received packet to two or more other first 

15 edge-packet transfer units 2-1. 

[0059] An operation of the packet communication network 

according to the present embodiment will be explained. 
[0060] In the second edge-packet transfer unit 2-2, the 

internal-packet transmitting/receiving unit simultaneously 

20 outputs the packet received by the external-packet 

transmitting/receiving unit (from the user terminal on the 
user network through the access network or the like) to the 
wavelength paths of the full-mesh WDM transmission units la 
and lb. 

25 [0061] Examples of the simultaneous outputting method 

include a method by causing the internal-packet 
transmitting/receiving unit" to duplicate the packet and a 
method by causing an optical splitter or the like to split 
an optical signal at an exit of the internal-packet 

30 transmitting/receiving unit. 

[0062] In the internetwork connection unit 30, the 

switching unit 33 switches over the paths from the first 
edge-packet transfer units 2-1 to the other first edge- 
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packet transfer units 2-1 on the opposite side (as 
indicated by broken lines in Fig. 8) , thereby changing a 
communication configuration of each of the full-mesh WDM 
transmission units la and lb. The packets output from the 
5 packet transmitting/receiving unit 32 can be thereby 
selected. If the same packet is to be simultaneously 
transmitted to the first edge-packet transfer units 2-1 , 
the method by causing the switching unit 33 to duplicate 
the packet or the like is used. 
10 [0063] The path switchover by the switching unit 33 

during a fault or the like can be realized by automatically 
switching over an input to the packet 

transmitting/receiving unit 32 to the other parallel inputs 
using detection of an optical signal cutoff , detection of 
15 non-arrival of a test packet transmitted at certain 
intervals or the like as a trigger. 

[0064] If the internetwork connection unit 30 and all 

the first edge-packet transfer units 2-1 connected to the 
internetwork connection unit 30 are functionally integrated 

20 together, an internetwork-connection and edge-packet 

transfer unit 200 as shown in Fig. 9 can be constituted. 
In Fig. 9, the same constituent elements as those shown in 
Fig. 5 are denoted by the same reference letters or 
numerals, respectively. In Fig. 9, reference numeral 21 

25 denotes the packet recognizing unit, 27' denotes an upper- 
stage-packet transmitting/receiving unit, 28' denotes a 
lower-stage-packet transmitting/receiving unit, and 29 
denotes a switching unit. 

[ 0065 ] The upper-stage-packet transmitting/receiving 

30 unit 27 ' is connected to the interfaces of the upper-stage 
full-mesh WDM transmission units la and lb. In addition, 
the upper-stage-packet transmitting/receiving unit 27' 
realizes functions of the internal-packet 
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transmitting/receiving unit and the external-packet 
transmitting/receiving unit of the upper-stage first edge- 
packet transfer unit 2-1. The lower-stage-packet 
transmitting/receiving unit 28' is connected to the 
5 interfaces of the lower-stage full-mesh WDM transmission 
units la and lb. In addition , the lower-stage-packet 
transmitting/receiving unit 28 ' realizes functions of the 
internal-packet transmitting/receiving unit and the 
external packet of the lower-stage first edge-packet 

10 transfer unit 2-1 and the packet transmitting/receiving 
unit of the internetwork connection unit 30. 
[0066] The switching unit 29 is provided on input sides 

of the upper-stage-packet transmitting/receiving unit 27' 
and the lower-stage-packet transmitting/receiving unit 28'. 

15 In addition, the switching unit 29 switches over a transfer 
destination of each of the packets received by the 
respective full-mesh WDM transmission units la and lb to 
the other full-mesh WDM transmission unit la or lb. 
[0067] In the final second edge-packet transfer unit 2-2 

20 (to which the user network on which the destination user 

terminal is present is connected through the access network 
or the like) , the internal-packet transmitting/receiving 
unit selects and outputs one of the packets received from 
the full-mesh WDM transmission units la and lb. It is 

25 thereby possible to hold a redundant packet communication. 
[0068] The internal-packet transmitting/receiving unit 

selects one of the packets as follows. Normally, the 
selected packet is fixed to the packet received from one of 
the full-mesh WDM transmission units la and lb. During the 

30 fault or the like, the selected packet from the full-mesh 
WDM transmission unit la or lb is automatically switched 
over to the packet received from the other full-mesh WDM 
transmission unit la or lb using the detection of non- 
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arrival of the test packet transmitted at certain intervals 
from the selected full-mesh WDM transmission unit or the 
like as a trigger. 

[0069] Through these processings, a fault-tolerant 

5 redundant communication can be realized in the full-mesh 
multistage network that constitutes a redundant 
configuration, and reliability can be improved. 
[0070] Using the full-mesh multistage network having the 

redundant configuration, the second edge-packet transfer 

10 unit outputs the packet received by the external-packet 

transmitting/receiving unit (from the user terminal on the 
user network through the access network or the like) to the 
wavelength paths of a plurality of parallel full-mesh WDM 
transmission units by load distribution. By doing so, not 

15 the redundant communication but a load distribution 
communication using multiple routes can be realized. 
[0071] Examples of the method for transmitting the 

packet by the load distribution includes a method for 
causing the internal-packet transmitting/receiving unit to 

20 probabilistically distribute the packet to a plurality of 
wavelength paths . 
[0072] [THIRD EMBODIMENT] 

As shown in Fig. 10, the important communication 
processing unit 34 of the internetwork connection unit 30 

25 shown in Fig. 8 extracts and compare important 

communication packets from a plurality of packets (an input 
1 and an input 2) received from the first edge-packet 
transfer units connected to the respective parallel full- 
mesh WDM transmission units la and lb. In addition, the 

30 important communication processing unit detects whether a 
packet loss is present for one of the packets. If the 
packet loss is present, the important communication 
processing unit 34 copies the other packet and outputs the 



packets. It is thereby possible to realize a redundant 
packet communication and enhance reliability for an 
important communication . 

[0073] By extracting and processing not all the packets 

but only the important communication packets, a load of the 
important communication processing unit can be lessened and 
a real-time processing can be realized. 
[007 4] [FOURTH EMBODIMENT] 

The user network and the external network connected to 
the full-mesh multistage network according to the present 
invention normally use different communication methods, 
respectively. For this reason, a correct communication 
cannot be established only by simply connecting these 
networks to the full-mesh multistage network. 
[0075] Considering these, according to the present 

invention, the communication methods used by the user 
network and the external network are separated from a 
communication method used within the full-mesh multistage 
network (used by the full-mesh WDM transmission unit) . A 
packet form for each of the communication methods used by 
the user network and the external network is processed into 
a packet form for the communication method used by the 
full-mesh WDM transmission unit so as to establish a 
communication within the full-mesh multistage network. It 
is thereby possible to connect the user network and the 
external network different in communication method to the 
full-mesh multistage network. 

[0076] Specifically, the packet recognizing unit 21 of 

the edge-packet transfer unit 2 shown in Figs. 3 and 4 (or 
of the internetwork-connection and edge-packet transfer 
unit 20 or 200 shown in Fig. 5 or 9) identifies the 
destination edge-packet transfer unit and a service from 
the header of the packet. If the communication method 
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corresponding to the service identified by the packet 
recognizing unit differs from that used by the full-mesh 
WDM transmission unit, the packet processing unit 24 
processes the packet form of the packet received by the 
5 external-packet transmitting/receiving unit from the 

outside into the packet form for the communication method 
used by the full-mesh WDM transmission unit. If the 
communication method corresponding to the service 
identified by the packet recognizing unit differs from that 

10 for the full-mesh WDM network, the packet processing unit 
24 processes the packet form of the packet input from the 
full-mesh WDM transmission unit to the internal-packet 
transmitting/receiving unit and output to the external- 
packet transmitting/receiving unit into the packet form for 

15 the communication method corresponding to the service. 

[0077] Namely, the packet recognizing unit 21 identifies 

the service corresponding to the packet received (from the 
user terminal on the user network through the access 
network or the like) . In addition, the packet processing 

20 unit 24 processes the packet form of the packet into the 

packet form for the communication method used by the full- 
mesh WDM transmission unit and corresponding to the service, 
and the processed packet is then transmitted. 
[0078] The edge-packet transfer unit 2, 2-1 or 2-2 (or 

25 internetwork-connection and edge-packet transfer unit 20 or 
200) present on a communication path repeatedly performs 
this processing if it is necessary to do so (it is noted 
that if edge-packet transfer unit that serves as the input 
to the full-mesh multistage network processes the packet 

30 form of the packet into the packet form for the 

communication method used within the full-mesh multistage 
network, the edge-packet transfer unit on the communication 
path does not necessarily processes the packet) . In the 
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edge-packet transfer unit as an endpoint of the 
communication path, the packet recognizing unit 21 
identifies the corresponding service, and the packet 
processing unit 24 processes the packet back into the 
5 packet form for the user network or the external network 
corresponding to the service. It is thereby possible to 
establish a packet communication in which a plurality of 
services are superimposed and make effective use of the 
network . 

10 [0079] Examples of the type of the service include a 

real-time communication such as a VoIP communication or a 
videophone communication, a private communication within a 
full-mesh multistage network, an external network 
connection communication by an ISP connection or the like, 

15 and an inter-specific external network communication such 
as VPN or the like. 
[0080] [FIFTH EMBODIMENT] 

In the real-time communication such as the VoIP 
communication or the videophone communication, the external 

20 network connection communication such as the ISP connection, 
and the inter-specific external network communication such 
as the VPN, it is necessary to interconnect the network to 
the external network or the like. 

[0081] To this end, as shown in Fig. 1, the packet 

25 communication network includes the gateway unit 7 that 

interconnects a specific edge-packet transfer unit 2 to the 
external network 8. In the specific edge-packet transfer 
unit 2, if the service identified by the packet recognizing 
unit 21 is the service for connecting the specific edge- 
30 packet transfer unit to the external network 8, the packet 
processing unit 24 processes the packet output to the 
external-packet transmitting/receiving unit into the packet 
form for the communication method corresponding to the 
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service. In addition, the external-packet 

transmitting/receiving unit transmits the processed packet 
to the gateway unit 7 corresponding to the external network 
8 that is identified as the destination of the packet by 
5 the packet recognizing unit 21. It is thereby possible to 
hold a packet communication of the specific edge-packet 
transfer unit 2 with the external ' network 8. 
[0082] Furthermore, the gateway unit 7 includes a 

function of adding an identifier to a packet. This 

10 function enables the packet recognizing unit 21 to identify 
packets from the different external networks 8 to the same 
edge-packet transfer unit, i.e., the packets from the 
different gateway units even if the service is the same. 
[0083] As already explained, the communication method 

15 used within the full-mesh multistage network is separated 
from the communication method used by each of the user 
network and the external network. It is, therefore, 
possible to ensure high security for the communication 
between the full-mesh multistage network and each of the 

20 user network and the external network. 

[0084] If the gateway unit 7 further includes a function 

of shielding an illegal packet or an attack packet from or 
to the external network 8, it is possible to ensure higher 
security . 

2 5 [0 085] [SIXTH EMBODIMENT] 

As shown in Fig. 11, the resource management unit 25 
of the edge-packet transfer unit 2 shown in Figs. 3 and 4 
(or the internetwork-connection and edge-packet transfer 
unit 20 or 200 shown in Fig. 5 or 9) manages resource 

30 states of all the wavelength paths 12 related to the 

interfaces to which the edge-packet transfer unit of the 
full-mesh WDM transmission unit 1 is connected. Examples 
of the managed resource state include a band utilization 
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rate for each packet priority of each wavelength path and a 
band utilization rate for each service. The band 
utilization rate for each packet priority of each 
wavelength path can be grasped by causing the resource 
5 management unit 25 to measure bands used by the internal- 
packet transmitting/receiving unit for packet transmission 
and packet reception for each priority per unit time of 
each wavelength path. 

[0086] Furthermore, the Resource-information transfer 

10 unit 26 of the edge-packet transfer unit 2 shown in Figs. 3 
and 4 (or the internetwork-connection and edge-packet 
transfer unit 20 or 200 shown in Fig. 5 or 9) transfers 
resource state information on each of the resource state as 
a packet. The resource-information transfer unit 26 

15 transfers the resource state information in response to an 
operation system or any one of various servers. The 
operation system or the server can thereby grasp the 
resource state and easily manage a traffic state. 
[0087] Furthermore, the resource-information transfer 

20 unit 26 of each edge-packet transfer unit 2 adds local 
resource state information to the test packet and 
sequentially transmits the test packet. Each edge-packet 
transfer unit 2 can thereby manage the resource state 
information on the other edge-packet transfer units 2, and 

25 a communication restriction, a detour or the like during 
traffic congestion can be realized based on this managed 
information. Specific examples of the test packet will now 
be explained. 

[0088] In all the edge-packet transfer units 2 connected 

30 to a certain full-mesh WDM transmission unit 1, one of the 
resource-information transfer units 26 adds local resource 
state information to a received test packet (or overwrites 
the information on the previously added information if any) . 
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In addition, the resource-information transfer unit 26 
transfers the resultant test packet to the next edge-packet 
transfer unit 2 in an order in which the test packet makes 
a round of all the edge-packet transfer units 2 . By always 
5 repeating this operation, the resource state information on 
all the edge-packet transfer units 2 is always recorded in 
the test packet while temporal irregularities among the 
respective pieces of information are suppressed within a 
predetermined time interval (that is a time within which 

10 the test packet makes a round of all the edge-packet 

transfer units 2) . The resource management unit 25 of each 
edge-packet transfer unit 25 records this information, 
whereby all pieces of resource state information within the 
full-mesh WDM transmission unit 1 can be managed. 

15 [0089] Furthermore, as shown in Fig. 13, the transfer of 

the test packet is executed in the entire full-mesh 
multistage network. In addition, the resource-information 
transfer unit 26 of each internetwork-connection and edge- 
packet transfer unit 20 or 200 adds all pieces of resource 

20 management information on each of all the test packets 

received by different full-mesh WDM transmission units 1 to 
the respective test packets (or overwrites the information 
on the previously added information if any) . By doing so, 
all pieces of resource states information within the full- 

25 mesh multistage network are finally and always recorded in 
all the respective test packets. The resource management 
unit 25 of each edge-packet transfer unit (or internetwork- 
connection and edge-packet transfer unit) records this 
information, whereby all pieces of resource state 

30 information within the full-mesh multistage network can be 
managed. 

[0090] In the configuration shown in Fig. 13, the 

internetwork-connection and edge-packet transfer unit 20 or 
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200 is employed. However, if the internetwork connection 
units and the edge-packet transfer units are not 
functionally integrated together, all the edge-packet 
transfer units connected to the internetwork connection 
5 units cause the test packet to make a round of all the 

edge-packet transfer units and add all pieces of resource 
management information on each edge-packet transfer unit to 
the test packet (or overwrites the information on the 
previously added information if any) . It is thereby 

10 possible to realize the same functions as explained above. 
[0091] All the pieces of resource state information 

within each of these full-mesh WDM transmission units or 
within the full-mesh multistage network, which information 
each edge-packet transfer unit manages, are transferred by 

15 each resource-information transfer unit 26 according to the 
request from the operation system or any one of various 
servers . The operation system or the server can thereby 
grasp all the resource states only by holding a 
communication with one of the edge-packet transfer unit 

20 having a direct connection or the like to the operation 
system or the server. 

[0092] As explained, all pieces of resource state 

information within the full-mesh multistage network can be 
grasped by each edge-packet transfer unit. Thanks to this, 

25 if a congestion occurs within a certain full-mesh WDM 
transmission unit, each edge-packet transfer unit can 
autonomously perform such a processing, as a restriction of 
a communication with the full-mesh WDM transmission unit. 
This can improve the reliability of the overall full-mesh 

30 multistage network. 

[0093] [SEVENTH EMBODIMENT] 

As shown in Fig. 14, the packet is input from the 
external-packet transmitting/receiving unit (or the lower- 
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stage-packet transmitting/receiving unit or upper-stage- 
packet transmitting/receiving unit or the lower-stage- 
packet transmitting/receiving unit itself) or the full-mesh 
WDM transmission unit 1. In addition, the destination of 
5 the input packet identified by the packet recognizing unit 
21 is the other edge-packet transfer unit 2 (or the 
internetwork-connection and edge-packet transfer unit) 
connected to the full-mesh WDM transmission unit 1. The 
internal edge packet transmitting/receiving unit (or the 

10 upper-stage-packet transmitting/receiving unit or the 
lower-stage-packet transmitting/receiving unit) of the 
edge-packet transfer unit 2 (or internetwork-connection and 
edge-packet transfer unit) transmits the packet that is to 
follow an alternative path to the wavelength path 12 of the 

15 full-mesh WDM transmission unit 1 corresponding to the 
other edge-packet transfer unit 2 (or the internetwork- 
connection and edge-packet transfer unit) . In this case, 
if the resource state of the wavelength path 12 is 
determined to be equal to or higher than a threshold based 

20 on the resource state information on the wavelength path 

received from the resource management unit 25 , the internal 
edge packet transmitting/receiving unit (or the upper- 
stage-packet transmitting/receiving unit or lower-stage- 
packet transmitting/receiving unit) transmits the packet to 

25 the other wavelength path (alternative wavelength path) 14. 
[0094] As an example of the alternative wavelength path 

and that of identification of the alternative wavelength 
path, a best effort communication packet is identified 
according to a priority of each packet. Examples of the 

30 resource state of the wavelength path include a band 

utilization rate of a highest priority packet and a band 
utilization rate of all the packets. 

[0095] As one example of selection of the other or 
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alternative wavelength path 14 , a wavelength path the 
resource state of which is the lowest is selected based on 
the resource state information. If the resource management 
unit 25 can manage all pieces of resource state information 
5 within the full-mesh WDM transmission unit 1 using the test 
packet, the alternative wavelength path 14 can be selected 
while considering a resource state of a path after the 
alternative wavelength path 14 indicated by a thin broken 
line in Fig. 14. 

10 [0096] The edge-packet transfer unit 2 connected to the 

alternative wavelength path 14 transmits the packet to the 
wavelength path (that is the wavelength path indicated by 
the thin broken line in the example of Fig. 14) 
corresponding to the destination of the packet by an 

15 ordinary processing. Therefore, the detour ((the 

alternative wavelength path 14)+ (the wavelength path 
indicated by the thin broken line) in the example of Fig. 
14) within the full-mesh WDM transmission unit 1 can be 
realized as shown in Fig. 14. 

20 [0097] In a network in which a VoIP service and a best 

effort service are mixed up, the best effort packet less 
influenced by the delay, jitter or the like due to the 
detour follows the alternative wavelength path. It is 
thereby possible to make effective use of an excessive band 

25 for the VoIP packet communication for which use of bands is 
less) . In addition, even if the wavelength path is 
communicably disconnected due to a fault, this detour can 
be used by detection of an optical signal cutoff by the 
resource management unit. 

30 [0098] [EIGHTH EMBODIMENT] 

In a P2P packet communication such as the VoIP or 
videophone communication followed by a call admission 
control exerted by a control server, if a new communication 
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is to be started between the user terminals, one user 
terminal, e.g., a user terminal 6-1 transmits a call 
control packet of a call request (including information on 
a communication partner) to a control server 9-1 that 
5 manages the user terminal 6-1. The control server 9-1 
transmits the call request to a control server 9-2 that 
manages the user terminal of the communication partner, 
e.g., a user terminal 6-2. The control server 9-2 
transmits the call control packet of the call request to 

10 the user terminal 6-2 of the communication partner. 

[0099] The user terminal 6-2 of the communication 

partner transmits a call control packet of a call response 
including information as to whether to admit a 
communication to the control server 9-2 that manages the 

15 user terminal 6-2. The control server 9-2 transmits the 
call response to the control server 9-1 that manages the 
user terminal 6-1 that is the communication source. The 
control server 9-1 transmits the call control packet of the 
call response to the user terminal 6-1 that is the 

20 communication source. The user terminal 6-1 of the 

communication source receives a result of the call response 
(admission or non-admission of the communication) , and 
starts a call with the communication partner if the call is 
admitted . 

25 [0100] At this time, it is practically necessary for the 

control server 9-1, which transmits the call request, to 
manage network resources and to admit or not admit the 
communication according to the resource state. This 
processing will be referred to as ,f call admission control 11 . 

30 In the call admission control, however, it is necessary to 
accurately manage the resources of the network (serving as 
the path) involved with the communication. In the IP 
network such as the VoIP network, resource management 
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problem needs to be solved because of presence of a problem 
of a change in path due to routing. 

[0101] The external-packet transmitting/receiving unit 

or internal-packet transmitting/receiving unit of the edge- 
5 packet transfer unit 2 (or internetwork-connection and 

edge-packet transfer unit) adds to the call control packet 
the resource state information received from the resource 
management unit 25 if the packet type of the packet 
identified by the packet recognizing unit 21 is the call 

10 control packet . 

[0102] This processing is repeatedly performed by each 

edge-packet transfer unit on the path of the control 
communication. As shown in Fig. 16, a call admission 
control unit (not shown) of the control server 9-1 acquires 

15 the resource state information from the call control 

packets of the call request and the call response. In 
addition, the call admission control unit determines 
whether to admit the P2P packet communication according to 
the acquired resource state information, and transmits a 

20 determination result (admission or non-admission) to the 
user of the communication source while including the 
determination result in a call response. 

[0103] In the full-mesh multistage network shown in Fig. 

15, a call control packet that passes through a path 

25 indicated by a thick line passes through all the edge- 
packet transfer units (indicated by stars) on a path 
(indicated by a thick broken line) for the communication 
packet. The control server 9-1 can, therefore, acquire the 
resource state information on the wavelength path used in 

30 the communication from the call control packets. 

[0104] As for the alternative path (indicated by a thin 

broken line) of the full-mesh WDM transmission unit 1, the 
edge-packet transfer units (indicated by black stars) on 
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both ends of the alternative path manage the resource state 
information on the wavelength path used as the path. 
Therefore, if the ordinary path is not admitted due to 
insufficient resources according to the method, the call 
5 admission control unit of the control server 9-1 can 

transmit the alternative path for which resources can be 
secured and the communication can be admitted to the user 
of the communication source while including the alternative 
path in the call response. 

10 [0105] Through these processings, it is possible to 

grasp the resource state of the communication path in the 
P2P packet communication such as the VoIP communication or 
the videophone communication followed by the call admission 
control exerted by the control server. In addition, the 

15 call admission control by the control server can be 
realized . 

[0106] Furthermore, if the ordinary communication path 

is congested due to the insufficient resources, the user 
can be informed of the alternative path of the full-mesh 

20 WDM unit for which path resources are sufficient and which 
path is not congested. It is thereby possible to realize 
the detour communication during the congestion. Besides, a 
new communication sequence other than that of the ordinary 
call admission control communication does not occur in the 

25 call admission control communication. The call admission 
control can be, therefore, realized with hardly increasing 
a time for setting a communication start. 

EXAMPLES 
30 [0107] [FIRST EXAMPLE] 

Fig. 17 is an example of a full-mesh multistage (two- 
stage) network configured so that each subscriber 
accommodating network is a lower-stage full-mesh WDM 
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transmission unit and so that a relay network is an upper- 
stage full-mesh WDM transmission units. Fig. 18 depicts 
basic elements of the full-mesh multistage network shown in 
Fig. 17. 

5 [0108] If each of subscriber accommodating networks 1c 

and a relay network Id is constituted by a start network 
based on optical cross connect using the WDM technique , each 
of the subscriber accommodating networks lc and the relay 
network Id can include about 100 interfaces. This is 

10 because a limit number of wavelengths according to the WDM 
is currently about 128. In case of Japan, the full-mesh 
multistage network that includes one subscriber 
accommodating network lc per urban or prefecture can be 
constructed by two stages. The subscriber accommodating 

15 network lc per prefecture can accommodate about 100 edge 
nodes 2c. Thus, the network that ensures an across-the- 
nation scalability can be constructed . 

[0109] In actual operations, an instance in which a 

transmission path consisting of an optical fiber is 

20 provided directly between the interfaces having heavy 
traffic so as to replace the wavelength path having a 
limited bandwidth (transmission amount) can be considered. 
Alternatively, even if an optical transmission unit that 
enables a full-mesh communication using a mixture of the 

25 wavelength path and the optical fiber path is formed, the 
idea of the present invention can be used. 
[0110] An instance of constructing the full-mesh 
multistage (two-stage) network using the IP or MPLS method 
as the communication method used within the network will be 

30 explained. 

[0111] In the IP packet communication, dynamic routing 

is frequently used. In the network according to this 
example, IP addresses corresponding to a tree structure of 
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the full-mesh WDM transmission unit are systematically 
allocated, so that a routing table is simplified. It is 
thereby possible to use static routing. 

[0112] Specifically, IP addresses are allocated to the 

5 respective subscriber accommodating networks lc and the 
respective edge nodes 2c (users or the like belonging to 
the respective edge nodes) . By doing so, an IP routing 
table of the edge nodes 2c can be quite simplified as shown 
in Fig. 19, thereby facilitating the operation management, 

10 the fault segmentation, and the like. 
[0113] [SECOND EXAMPLE] 

As the important communication, the VoIP-based 110/119 
dialing or the like is known. Therefore, extraction of the 
important communication by the important communication 

15 processing unit in the IP communication can be identified 

according to a priority of DSCP (DiffServ Code Point) of an 
IP header. Furthermore, a VoIP-based telephone 
conversation or communication is normally held according to 
RTP (Real-time Transport Protocol) . Since an RTP header 

20 includes a sequence number, the packet loss can be easily 
confirmed. 

[0114] [THIRD EXAMPLE] 

Specific methods for causing the packet recognizing 
unit to identify the corresponding service are as follows. 

25 The packet recognizing unit can identify the corresponding 
service according to the priority of the DSCP of the IP 
header in the real-time communication such as the VoIP 
communication or the videophone communication, and 
according to the difference in communication protocol (e.g., 

30 PPPoE) , a transmission source IP address (different from an 
IP address for the internal communication) or the like in 
the external network connection communication such as the 
ISP connection communication. In addition, the packet 
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recognizing unit can identify the corresponding service 
according to a VLAN ID, a physical port of each subscriber 
accommodating or relay node or the like allocated by the 
gateway unit in the inter-specific external network 
5 communication . 

[0115] Specific methods of causing the packet processing 

unit to process the packet into the packet form for the 
communication method used within the full-mesh multistage 
network to correspond to the service are as follows (except 

10 for the real-time communication such as the VoIP or 
videophone communication) . For the external network 
connection communication such as the ISP connection 
communication, the packet processing unit processes the 
packet into the packet form according to IP tunneling 

15 (L2TPv2 (Layer2 Tunneling Protocol Version 2) , IPsec 

(tunnel mode) , IPinIP or the like) . For the inter-specific 
external network communication such as the VPN 
communication, the packet processing unit processes the 
packet into the packet form according to L2-VPN (L2TPv3 

20 (Layer2 Tunneling Protocol Version3) or the like) , L3-VPN 
(IPsec (tunnel mode), IPinIP or the like) or the like. 
[0116] If the communication method within the full-mesh 

multistage network is the MPLS method, the packet 
processing unit processes the packet into the packet form 

25 according to L2-VPN (EoMPLS (Ethernet® over MPLS) or the 
like) , L3-VPN (BGP/MPLS-VPN or the like) or the like for 
the inter-specific external network communication such as 
the VPN communication. 

[0117] If the VoIP network of one company connected to 

30 the VoIP network of the other company according to the VoIP 
by interconnect or the like differs from the VoIP network 
of the other company in priority-related policy, the packet 
processing unit processes a packet different in policy so 
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that the DSCP of the IP header is according to the policy 
of the other company. 

[0118] By processing the packet into the packet form for 

each of these communication methods, it is possible to 
5 realize packet communication for various services such as 
the real-time communication , the external network 
connection communication, or the inter-specific external 
network communication while superimposing together the 
packet communications in one full-mesh multistage network. 

10 [0119] [FOURTH EXAMPLE] 

In the IP communication in which the VoIP 
communication and the best effort communication are mixed 
up, the internal-packet transmitting/receiving unit 23 
classifies packets according to the priority of the DSCP of 

15 each IP header while putting a highest priority to VoIP 

packets as shown in Fig. 20. In addition, for best effort 
packets, if a transmission output buffer stores packets in 
amount equal to or higher than a certain amount (resources 
of the corresponding wavelength path is equal to or higher 

20 than a threshold) , a scheduler automatically transmits the 
packets to the other buffer having a sufficient capacity. 
[0120] A processing performed by this scheduler is a 

processing performed irrespectively of the IP routing 
(after the IP routing in Fig. 20). Due to this, a detour 

25 can be realized without any change or the like in the IP 
routing table. 

[0121] It is thereby possible to realize the detour 

without the following problems. A time lag is generated 
before the table change is completed in all the relevant 
30 routers in the static routing or dynamic routing. During 
the time lag, there is a probability that the routing 
cannot be correctly performed. 

[0122] [FIFTH EXAMPLE] 
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If a SIP protocol is used for the P2P packet 
communication for holding the call admission control 
communication by the control server, then the control 
server corresponds to a SIP proxy server, the telephone 
5 conversation request corresponds to "INVITE" message, and 
the telephone conversation response corresponds to "200ok" 
message, "486 Busy Here" message or the like. 
[0123] If the alternative path for which resources can 

be secured and the conversation can be admitted is 

10 transmitted to the user terminal of the communication 

source while including the alternative path in the call 
response as explained in BEST MODE(S) FOR CARRYING OUT THE 
INVENTION, the detour communication can be realized using 
IP source routing (which can be realized using the IP 

15 routing header according to IPv6) without changing the 

routing table. In the IP source routing, the user terminal 
explicitly designates an IP address of each edge-packet 
transfer unit on the alternative path. 

20 INDUSTRIAL APPLICABILITY 

[0124] The present invention can be useful as 

communication infrastructure such as VoIP communication or 
Internet connection communication infrastructure required 
of scalability and reliability. 



